In order to improve the accuracy of fabric texture defect detection, a combination of algorithm with Grabcut and convolutional neural network is proposed. Firstly, a segmentation algorithm based on grab-cuts is used to locate and segment the defects in fabric images accurately. Secondly, the sample images are expanded to increasing the number of the training samples. And then, the convolutional neural network is optimized to learn the features of the fabric defects more efficiently, which make it suitable for fabric defect recognition and classification. Experimental results shows that compared with other traditional algorithms, our model gets better performance with high accuracy of fabric defect detection.
INTRODUCTION
In textile manufacturing industry, the defect detection of the fabric is an indispensable part in the quality control process and the distribution of defects directly affect the quality evaluation of the fabric. The normal fabric has regular and orderly texture structure, but the defects in fabrics destroy the original texture of the fabric and affect the quality of the product. The complex texture structure of fabrics has great background interference to improve the accuracy of fabric defect detection. Therefore, in fabric detection field, the intelligent fabric detectors based on image recognition and classification has been the research hotspot, attracting a large number of experts and scholars [1] [2] [3] [4] .
In recent years, a lot of new innovative algorithms have been put forward. Malek A S et al. [5] used fast Fourier transform and cross correlation techniques to analyze the fabric image in the spatial domain, and obtain the fabric structure characteristics to detect the defects. Alper Selver M. et al. [6] proposed a texture detection based on texture statistics and gradient search, combined with differential histogram and cooccurrence matrix for fabric texture analysis, so as to speed up the processing speed of detection. In the Model-based inspection methods, Zhou J et al. [7] proposed a fabric defect detection algorithm based on an adaptive dictionary learning, using a linear combination of the dictionary to effectively represent the structure character of the normal fabric images. Then, Qu T et al. [8] improved the algorithm, considered the _________________________________________ problem of different defect size and proposed a double-scale complete dictionary, which improved the self-adaptability of the detector.
Since 2012, Alex Krizhevsky's research team won the ILSVRC-2012 competition [9] , deep learning caused a great shock in the field of computer vision with its strong learning ability, and sparked an upsurge in research on Artificial Intelligence. At present, it has been widely used in face recognition [10] [11] , traffic sign recognition [12] , target recognition [13] [14] , etc.
Due to the complex characteristic of fabric texture, the application of deep learning in fabric defect detection has aroused extensive attention of experts and scholars. For example, Jing Jun Feng [15] presents a yarn-dyed fabric detection algorithm based on convolution neural network. It designed a deep convolution neural network and used the back-propagation algorithm to adjust the network's weight and dictionary, and finally used the Meanshift algorithm to segment the fabric defects, obtaining the good detection results. However, the deep convolution neural network has too many parameters, so it is easy to cause over-fitting problem in the training process because of the insufficiency of the fabric detection database. Aiming at these difficulties, this paper presents a fabric defect detection method which combines Gradcut algorithm [16] and optimized convolution neural network.
ALGORITHM FRAMEWORK
Fabric defect detection mainly includes three processes: image segmentation of the ROI, dataset expansion and defect classification: 1) Firstly, the noise should be removed from the picture in the pre-processing stage. Then the Grabcut algorithm is used to segment the target area. 2) Secondly, the sample images are expanded by being rotated, stretched and other ways for increasing the number to set up the samples database; 3) finally, input the samples to the convolution neural network for model training to achieve the classification of fabric defects. The specific realization process is shown in Figure 1 . 
LOCALIZATION OF THE ROI
The image segmentation algorithm based on graph theory has superior performance in texture image segmentation [17] . Aiming at the problem of locating the ROI of the fabric defects, this paper proposes a Grabcut algorithm to locate the target defect. The advantages are as follows: 1) The GMM (Gaussian Mixture Model) is used instead of histogram to estimate the color probability distribution. And iterative method is used to estimate Gauss mixture model parameters; 2) the user interaction mode is simplified by using incomplete labeling method. The energy function of the Grabcut method is defined as:
, with 0 for background and 1 for foreground;  is the gray histogram of image foreground and background; z is an array of the gray value of the image,
is the GMM label of each pixel, ) ( p is the Gauss probability distribution, and ) (  is the mixed weight coefficient. When the energy function achieves the global minimum value
, it is the segmentation result obtained by the Grabcut algorithm.
Compared with the traditional image segmentation algorithm, the ROI of the fabric defect provided by the Grabcut algorithm, as shown in Fig. 2 , save the texture feature completely, which lays the foundation for further classification and recognition for convolution neural network.
DESIGN OF THE DEEP LEARNING MODEL

Convolutional Neural Network
Convolutional Neural Network (CNN) is a kind of artificial neural network. Sparse connection and weight sharing makes the training parameters of the convolutional neural network decrease sharply, reducing the complexity of the network [18] . One disadvantage of the traditional classifier is that it is difficult to extract high-level features sufficiently to achieve high-precision identification. Based on the network structure of AlexNet, this paper designs a CNN network structure suitable for fabric defect detection. As shown in Fig.3 , compared with the AlexNet network, the network simplifies the number of convolution layers and the number of neurons in the full connection layer, greatly reducing the parameters in the network. The model consists of three convolutions and three pooling layers. The size of the convolution kernel is 9 × 9, 5 × 5, 3 × 3, and the size of the pooling factor is 4 × 4, 3 × 3, 2 × 2, respectively.
Data Expansion
Training network parameters need a large number of sample data, so it is easy to cause over-fitting when the number of samples is small. And there are not enough quantity of fabric defect samples in reality to choose. Therefore, this paper has carried out the necessary manual data expansion before the acquired sample images input network training. The array representation of the training data is changed and the label remains unchanged, resulting in a certain number of sub-images, by using methods such as rotation, random stretch, and so on. For example, the rotation angle is set to -10 and 10 degrees, the stretching factor is set to 0.8 and 1.2.
EXPERIMENTS AND RESULTS ANALYSIS Experimental Platform and Data Preparation
The original image data set is selected from the TILDA database, totaling 1200 pictures . Figure 4 illustrates several common features of fabric defects. Selecting 70% samples of the database randomly to build traning set, and 30% as verification set. The image pixels used in the experiment are 256 × 256.
Comparison of Different Methods of Experiment
Four kinds of fabric defect detection methods are selected to compare with the algorithm we proposed. There are Gray Level Co-occurrence Matrix (GLCM), Gaborbased filter, SVM and deep convolution neural network (DCNN). The experimental results are shown in Table 1 . As seen in the results, the deep learning achieves the ideal effect in the six kinds of fabric defect detection by its strong feature learning ability. It has shown obvious advantages compared with the GLCM method, Gabor-based filter method and SVM Methods and other traditional algorithms. In particular, defects such as broken warp and broken weft which is difficult to distinguish from background texture are still successfully recognized with high accuracy in the experiment. Our algorithm makes the average accuracy of defect detection reach more than 98%, which has better performance than DCNN. In the detection time, the average detection time of the algorithm we proposed is 0.38s, which is more efficient than DCNN, and is more than 50% faster than the other three traditional algorithms, as shown in Figure 5 . 
The Influence of the Number of Iterations
In order to further evaluate the network performance, we also design a set of experiments to test the influence of the number of iterations on the accuracy and convergence rate of the optimized convolutional neural networks. We use LeNet [19] , VGG16 [20] and the network structures we proposed to compare the fabric defects experiment. The test results are shown in Fig 6. From the curve of ACC in Figure 6 , it is not difficult to see that LeNet is better than the proposed algorithm when the number of iterations is small, but when the number of iterations is more than 500, the classification accuracy of the proposed algorithm is higher than that of LeNet and VGG16. When the number of iterations reaches 1000, the three networks converge gradually, and the accuracy rate is 75.6%, 82.5% and 98.2% respectively. For the convergence speed, when the number of iterations reaches about 1000, the convergence time of the algorithm we proposed is similar to that of LeNet, but is more than 30% faster than VGG16, as shown in Table  2 . And the also reflects the obvious advantages in ACC. Therefore, this algorithm is superior to traditional convolution neural network model in network training.
SUMMARY
This study provides a new idea for fabric defect detection with complex texture features. At present, the accuracy of the fabric defect detection is difficult to achieve new breakthrough. So, a new defect detection model based on Grabcut algorithm and optimized convolutional neural network is designed. The experimental result shows that the network has faster recognition speed and higher recognition accuracy. The recognition effect is better than the existing traditional machine learning method, and can detect a variety of different texture feature of fabric defects. In the next research work, we should increase the data set and further optimize the convolution neural network framework, and explore more efficient network training strategy.
